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SUMMARY 

Promising formations for the geological storage of CO2 could contain a large number of 
cations capable of actively reacting with solutions enriched with CO2. In particular, the 
volcanic rocks of the Vyhorlat-Hutinsky range (Transcarpathian region of Ukraine) are 
represented by various petrographic groups of rocks, where andesibasalts are predominate. 
There are the large volcanic massifs with thick layers of anadesibasalts, which are 
characterized by a more or less stable characteristic of properties and composition. 

Using the analysis of the chemical composition of the rocks of Vyhorlat-Hutyn range, the 
goal is to find out the peculiarities of the change in their composition and physical properties 
in relation to the main factor of mineral carbonation (dissolution of calcium atoms) with the 
simultaneous fixation of petrophysical "signs" of this process. Changes in chemistry during 
mineral carbonation in basalts can be productively evaluated through the rate of calcium 
dissolution. Combined analysis of the behavior of petrochemical indices and petrophysical 
characteristics during changes in the solubility of calcium in basalts indicates an increase 
over time in the content of silicon, calcium, magnesium, sodium and a decrease in aluminum, 
iron, etc. Informative petrophysical signs of this process are a decrease in bulk density (up to 
50%) and a sharp increase in porosity and permeability (ten times). The mentioned reaction 
processes of mineral carbonation have a strict discrimination with respect to the crystalline 
structure of volcanites, moderate to petrographic type and noticeable with respect to 
territorial groups of volcanites. 
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Introduction 
 
More and more studies are devoted to the problem of CO2 sequestration in geological formations 
(Gysi et al., 2012; Bacon, 2014; Matter et al., 2009; McGrail et al., 2009; Ryan et al., 2017; Gislason 
et al., 2010; Snæbjörnsdóttir et al., 2020; Thomas, 2021; Tutolo et al., 2021). In addition to the 
physical absorption of CO2 in the porous space of host rocks, there are other ways of binding CO2. For 
example, chemical bounding via the interaction of aqueous solutions of carbon dioxide enriched with 
rocks. As a result, chemical absorption of CO2 occurs with carbonation reactions. Basalts are 
promising formations for the geological storage of this CO2, as they contain a large number of cations 
capable of actively reacting with solutions enriched with CO2. In particular, the volcanic rocks of the 
Vyhorlat-Hutyn range (VHR, Transcarpathian region of Ukraine) are represented by various 
petrographic groups of rocks, where andesibasalts are predominate. There are large volcanic massifs 
with thick layers of andesibasalts, which are characterized by stable characteristics of properties and 
composition. 
 
Using the analysis of the chemical composition of the rocks of the VHR, the goal is to find out the 
peculiarities of the change in their composition and physical properties in relation to VHR the main 
factor of mineral carbonation - dissolution of calcium atoms, with the simultaneous fixation of 
petrophysical "signs" of this process. Based on the behaviour of a number of petrochemical indices, 
we would indicate the main features of mineral carbonation. 
 
Method 
 
According to Gislason S. (Gislason et al., 2010) logrCa indicates the reactivity of the most 
characteristic cation of the mineralogy of mafic rocks – Ca, which can be used as an indicator of 
"mobility/inertness" in mineral carbonation processes: 
 

   (1) 

   (2) 
where  - volcanic glass, - crystalline rocks. 
 
The table contains data on the petrochemical indices of volcanic rocks of the VHR (Geochemistry…, 
1976) and calculated model indicators (1, 2) regarding mineral carbonation logrCa (Tab. 1). 
 
Petrochemical trends of mineral carbonation process 
 
Most of the chemical elements become mobile under the action of solutions saturated with CO2, with 
the exception of Si, Al and Fe. As the rate of Ca dissolution increases, the mobility of iron increases 
(SF vs logrCa), at the same time, in the presence of Mg, an inverse correlation between Ca dissolution 
and Fe mobility (KFe vs logrCa) is already noted. That is, the degree of fractionation of iron will 
increase relative to Mg with an increase of logrCa, with a probable change in the magnetic properties 
of the rocks. 
 
Oxidizing and alkaline conditions increase the dissolution rate of divalent cations, which is monitored 
due to the positive relationship of Kox with logrCa (fig. 1) and the alk vs. logrCa. 
 
The three indexes SF, KFe, Kox in their dependence on logrCa at the same time strongly discriminate 
groups of rocks that differ in terms of the degree of crystallinity, less distinctly petrographic groups 
and marginally territorial groups (regarding belonging to individual volcanic centres). 
 
Approximately at the level of alk =5, it is possible to separate volcanics according to the degree of 
crystallinity; full-crystalline ones are concentrated in the less alkaline trend field. 
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Table 1 Petrochemical indices of volcanics of the Vyhorlat-Hutyn range 

sample SF KFe Kox 
MgO 
FeO alk ag σ si K2O 

Na2O CI DI logrCa 

1472 2.59 0.87 0.83 0.89 6.80 0.48 1.58 4.09 0.85 10.84 86.40 -16,927 
1412 1.82 0.81 0.49 0.48 6.65 0.55 1.47 4.94 1.58 4.60 89.70 -17,672 
1082 1.96 0.83 0.84 1.29 7.48 0.53 1.87 4.07 1.11 39.90 45,40 -18,773 
2184 5.45 0.75 0.29 0.47 5.30 0.32 1.66 14.41 0.71 44.20 38.70 -16,836 
3127 6.90 0.71 0.34 0.62 4.94 0.30 1.51 19,24 0.72 29.90 59.30 -16,454 
3278; 

3287; 3292 4.69 0.82 0.67 0.68 5.54 0.36 1.34 9.23 0.76 21.70 70.00 -16,000 

2846 6.90 0.59 0.43 1.20 4.16 0.23 1.44 29.96 0.70 44.40 41.90 -15,546 
2818 6.80 0.73 0.61 0.96 4.20 0.22 1.37 18.70 0.69 40.75 48,10 -15,333 
2602 7.52 0.64 0.53 1.21 3.74 0.20 1.12 27,31 0.64 45.10 42.50 -15,442 
2580 3.19 0.74 0.63 0.95 5.28 0.26 1.62 11.59 0.74 36,14 57.70 -14,804 
2269; 
2711; 

2718; 2721 
2.60 0.86 0.81 0.84 7.20 0.46 2.00 4.02 1.21 23.50 15.40 -16,398 

2251 1.08 0.78 0.75 1.16 5.78 0.37 1.17 4.35 1.06 24,38 11.30 -16,940 
2730 1.97 0.83 0.63 0.57 5.68 0.35 1.28 5.09 1.17 22.41 12.90 -16,357 
2163 7.70 0.65 0.32 0.79 3.92 0.21 1.28 26,22 0.94 8.45 44.00 -15,518 
1520; 

1770; 2105 7.27 0.63 0.19 0.71 4.40 0.24 1.52 26.60 0.91 8.90 42.40 -15,706 

2081 8.93 0.63 0.28 0.82 2.44 0.14 0.59 31.59 0.53 3.40 53.10 -15,382 
3068 6.87 0.75 0.26 0.45 4.72 0.25 1.70 16.56 1.05 11.23 40.34 -15,760 

1198; 1630 3.06 0.93 0.65 0.20 7,14 0.48 1.87 2.11 1.15 11.70 83.40 -16,686 
1233; 1871 3.03 0.87 0.55 0.33 7.20 0.51 1.97 4.21 1.22 20.90 81.80 -16,733 

1781 8.28 0.75 0.54 0.72 4.74 0.24 2.08 17,18 0.42 40.80 45.80 -14,962 
1804 4.88 0.77 0.36 0.47 6,10 0.32 2.17 11.67 0.65 14.80 31.60 -16,341 
1502 7.57 0.68 0.42 0.83 3.78 0.18 0.76 24,23 0.47 16,10 26.70 -15,679 

1935; 1952; 
1988; 2013; 
2024; 2027; 

2041 

8.43 0.72 0.62 1.00 4.70 0.26 1.73 19.69 0.68 38,40 49.50 -15,330 

1182 1.66 0.83 0.67 0.63 7,14 0.47 1.82 3.72 1.15 10.39 85.15 -16,800 
1711; 1723 2.76 0.92 0.77 0.37 7,12 0.49 1.87 2.27 1.16 11.61 83.98 -16,703 

110 9.69 0.66 0.23 0.67 3.16 0.17 1.53 27.85 0.46 52,63 26.15 -14,661 
SF - total iron index, ; iron content (fractionation) KFe - ; oxidation of Kox -

; alk - ; ag - ; σ - serial index ; si – solidification index 
; CI - crystallization index ; DI - differentiation index 

. 
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Figure 1 Oxidation coefficient, Kox vs. logrCa in volcanics of different crystallinity 
 
The trajectory of crystallization and differentiation, according to the indices of crystallization CI and 
differentiation DI, which are based on the ensemble of mineral paragenesis, has a different character. 
Let us note diametrically different trends in the degree of crystallinity in dependence of CI from 
logrCa. While trending DI with logrCa clearly separated groups of rocks according to the degree of 
crystallinity, and less clearly according to belonging to volcanic centres. 
 
Petrophysical signs of mineral carbonation process 
 
We note the basis of the petrophysical features of the Ca dissolution process. The redistribution of 
chemical elements with different atomic masses is sensitively transmitted via a change in bulk density 
(up to 50%) and therefore could be detected by gravity and seismic methods (Pigulevskiy, 2019; 
Svistun., 2021). There is a decrease in bulk density with a decrease in the indices KFe, alk, ag and 
K2O/Na2O, or with an increase si. All this is a reflection of the general process of removal of "heavy" 
components containing iron, calcium and magnesium, with a simultaneous increase in the share of 
"light" silica. 
 
The most discriminating feature is the porosity behaviour (measured in dry conditions). Porosity 
increases with increasing SF, Kox, si and decreasing KFe, MgO/FeO, alk, ag, K2O/Na2O, DI. The 
permeability measured under CO2 conditions shows the same behaviour. Only permeability is directly 
related to the DI index, not inversely like porosity. The increase in porosity (up to 10 times) and 
permeability (10 times) conveys the process of chemical destruction of rock minerals (its dissolution, 
increase in the number and volume of pores, caverns, etc.). 
 
Conclusions 
 
According to numerous experimental studies from literature data, it was established that the 
dissolution of basaltic rocks in CO2-enriched water is incongruent with the general composition of 
water and secondary mineralogy and pH. Changes in chemistry during mineral carbonation in basalts 
can be productively evaluated via the rate of calcium dissolution. Combined analysis of the behaviour 
of petrochemical indices and petrophysical characteristics during changes in the solubility of calcium 
in basalts of the VHR indicates an increase over time in the content of silicon, calcium, magnesium, 
sodium and a decrease in aluminium, iron, etc. Informative petrophysical signs of this process are a 
decrease in bulk density (up to 50%) and a sharp increase in porosity and permeability (ten times). 
The response of VHR volcanics to the interaction with an aqueous solution saturated with CO2 should 
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also be expected to affect the change in magnetic characteristics, taking into account the significant 
redistribution of iron. 
 
The mentioned reaction processes of mineral carbonation have a strict discrimination with respect to 
the crystalline structure of volcanics (glassy rocks have the higher Ca dissolution rates than their 
crystalline ones), moderate to petrographic type (there is a better reactivity of basic and medium types 
compared to acidic ones) and noticeable with respect to territorial groups of volcanics. 
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